The intrinsic alignment of galaxy shapes with the large-scale density field is a contaminant to weak lensing measurements, as well as being an interesting signature of galaxy formation and evolution (albeit one that is difficult to predict theoretically). Here we investigate the shapes and relative orientations of the stars and dark matter of halos and subhalos (central and satellite) extracted from the MassiveBlack-II simulation, a state-of-the-art high resolution hydrodynamical cosmological simulation which includes stellar and AGN feedback in a volume of (100h −1 Mpc) 3 . We consider redshift evolution from z = 1 to 0.06 and mass evolution within the range of subhalo masses, 10 10 − 6.0 × 10 14.0 h −1 M . The shapes of the dark matter distributions are generally more round than the shapes defined by stellar matter. The projected root-mean-square (RMS) ellipticity per component for stellar matter is measured to be e rms = 0.28 at z = 0.3 for M subhalo > 10 12.0 h −1 M , which compares favourably with observational measurements. We find that the shapes of stellar and dark matter are more round for less massive subhalos and at lower redshifts. By directly measuring the relative orientation of the stellar matter and dark matter of subgroups, we find that, on average, the misalignment between the two components is larger for less massive subhalos. The mean misalignment angle varies from ∼ 30
INTRODUCTION
Weak gravitational lensing is a useful probe to constrain cosmological parameters since it is sensitive to both luminous and dark matter (Hu 2002; Benabed & van Waerbeke 2004; Ishak et al. 2004; Takada & White 2004; Bernstein & Jain 2004; Huterer 2010) . In particular, weak lensing surveys can be used to probe theories of modified gravity and provide constraints on the properties of dark matter and dark energy (Albrecht et al. 2006; Weinberg et al. 2013 . Accurate theoretical predictions of IA through analytical models and N -body simulations Heymans et al. 2006; Schneider & Bridle 2010; in the ΛCDM paradigm is complicated by the absence of baryonic physics, which we expect to be important given that the alignment of interest is that of the observed, baryonic component of galaxies. So, we either need simulations that include the physics of galaxy formation or N -body simulations with rules for galaxy shapes and alignments.
Proposed analysis methods to remove IA from weak lensing measurements either involve removing considerable amount of cosmological information (which requires very accurate redshift information; nulling methods: Joachimi & Schneider 2008 ), or involve marginalizing over parametrized models of how the intrinsic alignments affect observations as a function of scale, redshift and galaxy type (e.g., Bridle & King 2007; Joachimi & Bridle 2010; Blazek et al. 2012) . The simultaneous fitting method, with a relatively simple intrinsic alignments model, was used for a tomographic cosmic shear analysis of CFHTLenS data . The latter methods, while preserving more cosmological information than nulling methods, can only work correctly if there is a well-motivated intrinsic alignments model as a function of galaxy properties. Existing candidates for the intrinsic alignment model to be used in such an approach include the linear alignment model or simple modifications of it (e.g., using the nonlinear power spectrum: Bridle & King 2007) , N -body simulations populated with galaxies and stochastically misaligned with halos in a way that depends on galaxy type (Heymans et al. 2006) , and the halo model (Schneider & Bridle 2010) , which includes rules for how central and satellite galaxies are intrinsically aligned.
In this study, we use the large volume, high-resolution hydrodynamic simulation, MassiveBlack-II (Khandai et al. 2014) , which includes a range of baryonic processes to directly study the shapes and alignments of galaxies. In particular, we measure directly the shapes of the dark and stellar matter components of halos and subhalos (modeled as ellipsoids in three dimensional space). We examine how shapes evolve with time and as a function of halo/subhalo mass. Previous work used N -body simulations and analytical modeling to study triaxial shape distributions of dark matter halos as a function of mass and their evolution with redshift (Hopkins et al. 2005; Allgood et al. 2006; Lee et al. 2005; Schneider et al. 2012 ). More recently, hydrodynamic cosmological simulations have also been used to study the effects of baryonic physics on the shapes of dark matter halos (Bailin et al. 2005 ; Kazantzidis et al. 2006; Knebe et al. 2010; Bryan et al. 2013) . Here, using a high-resolution hydrodynamic simulation in a large cosmological volume that incorporates the physics of star formation and associated feedback as well as black hole accretion and AGN feedback, we focus on measuring directly the shapes of the stellar components of galaxies and examine the misalignments between stars and dark matter in galaxies (central and satellite). We also measure the projected (2D) shapes for comparison with observations. This study is important because the measured intrinsic alignments of galaxies are related to the projected shape correlations of the stellar component of subgroups (galaxies) by the density-ellipticity and ellipticity-ellipticity correlations (Heymans et al. 2006) . By measuring the projected ellipticities of the stellar and dark matter component of simulated galaxies, we can attempt to understand the differences between these two. In addition, we can do a basic comparison of the stellar components with observational results, and validate the realism of the simulated galaxy population.
Another aspect of the problem that we consider in this paper is the relative orientation of the stellar component of the halo with its dark matter component. Many dark matteronly simulations have illustrated that dark matter halos exhibit large-scale intrinsic alignments (e.g., Faltenbacher et al. 2002; Hopkins et al. 2005; Altay et al. 2006; Heymans et al. 2006) , but the prediction of galaxy intrinsic alignments from halo intrinsic alignments requires a statistical understanding of the relationship between galaxy and halo shapes. To date, there has been no direct measurement of galaxy versus halo misalignment with a large statistical sample of galaxies through hydrodynamic simulations. Recently, Dubois et al. (2014) studied the alignment between the spin of galaxies and their host filament direction using a hydrodynamical cosmological simulation of box size 100h −1 Mpc. Studies of misalignment based on SPH simulations of smaller volumes detected misalignments between the baryonic and dark matter component of halos (van den Bosch et al. 2003; Sharma & Steinmetz 2005; Hahn et al. 2010; Deason et al. 2011) . These studies considered the correlation of spin and angular momentum of the baryonic component with dark matter. The spin correlations are arguably more relevant for the intrinsic alignments of spiral galaxies , whereas the observed intrinsic alignments in real galaxy samples are dominated by red, pressure-supported, elliptical galaxies Joachimi et al. 2011) ; hence a study of the correlation of projected shapes is more relevant for the issue of weak lensing contamination. However, to make precise predictions based on the halo or subhalo mass at different redshifts, we need a hydrodynamic simulation of very large volume and high resolution. The MassiveBlack-II SPH simulation meets those requirements, making it a good choice for this kind of study.
Others arrived at constraints on misalignments using N -body simulations and calibrating the misalignments by adopting a simple parametric form to agree with observationally detected shape correlation functions (Faltenbacher et al. 2009; Okumura et al. 2009 ). There are also studies of the alignment of a central galaxy with its host halo where it is assumed that the satellites trace the dark matter distribution (e.g., Wang et al. 2008) . By using hydrodynamic simulations, we can directly calculate the misalignment distributions for all galaxies as a function of halo mass and cosmic time. Resolution of the galaxies into centrals and satellites also helps to understand the effect of local environment.
This paper is organized as follows. In Section 2, we describe the SPH simulations used for this work and the methods used to obtain the shapes and orientations of groups and subgroups. In Section 3, we give the axis ratio distributions of dark matter and stellar matter of subgroups. In Section 4, we show our results for misalignments of the stellar component of subgroups with their host dark matter subgroups. In Section 5 we compare the shape distributions and misalignment angle between centrals and satellites. Finally, we sum-marize our conclusions in Section 6. The functional forms for our results are provided in the Appendix.
METHODS

MassiveBlack-II Simulation
We use the MassiveBlack-II (MBII) simulation to measure shapes and alignments of dark matter and stellar components of halos and subhalos. MBII is a state-of-the-art high resolution, large volume, cosmological hydrodynamic simulation of structure formation. An extensive description of the simulation and major predictions for the halo and subhalo mass functions, their clustering, the galaxy stellar mass functions, galaxy spectral energy distribution and properties of the AGN population is presented by Khandai et al. (2014) . We refer the reader to this publication for details on MBII and briefly summarize the major relevant aspects here.
The MBII simulation was performed with the cosmological TreePM-Smooth Particle Hydrodynamics (SPH) code p-gadget. It is a hybrid version of the parallel code, gadget2 (Springel et al. 2005a ) that has been upgraded to run on Petaflop scale supercomputers. In addition to gravity and SPH, the p-gadget code also includes the physics of multiphase ISM model with star formation (Springel & Hernquist 2003a) , black hole accretion and feedback (Springel et al. 2005a; Di Matteo et al. 2012) . Radiative cooling and heating processes are included (as in Katz et al. 1996) , as is photoheating due to an imposed ionizing UV background. The interstellar medium (ISM), star formation and supernovae feedback as well as black hole accretion and associated feedback are treated by means of previously developed subresolution models. In particular, the multiphase model for star forming gas we use, developed by Springel & Hernquist (2003b) , has two principal ingredients: (1) a star formation prescription and (2) an effective equation of state (EOS). A thermal instability is assumed to operate above a critical density threshold ρ th , producing a two phase medium consisting of cold clouds embedded in a tenuous gas at pressure equilibrium. Stars form from the cold clouds, and short-lived stars supply an energy of 10 51 ergs to the surrounding gas as supernovae. This energy heats the diffuse phase of the ISM and evaporates cold clouds, thereby establishing a selfregulation cycle for star formation. ρ th is determined selfconsistently in the model by requiring that the EOS is continuous at the onset of star formation. Stellar feedback in the form of stellar winds is also included. The prescription for black hole accretion and associated feedback from massive black holes follows the one developed by Di Matteo et al. (2005) ; Springel et al. (2005b) . We represent black holes by collisionless particles that grow in mass by accreting gas (at the local dynamical timescale) from their environments. If the accretion rates reach the critical Eddington limit they are then capped at that value. A fraction f (fixed to 5% to fit the local black-hole galaxy relations) of the radiative energy released by the accreted material is assumed to couple thermally to nearby gas and influence its thermodynamic state. Black holes merge when they approach the spatial resolution limit of the simulation (Springel & Hernquist 2003b) MBII contains Npart = 2 × 1792 3 dark matter and gas particles in a cubic periodic box of length 100h
−1 Mpc on a side, with a gravitational smoothing length = 1.85h −1 kpc in comoving units. A single dark matter particle has a mass mDM = 1.1 × 10 7 h −1 M and the initial mass of a gas particle is mgas = 2.2 × 10 6 h −1 M . The cosmological parameters used in the simulation are as follows: amplitude of matter fluctuations σ8 = 0.816, spectral index ηs = 0.96, mass density parameter Ωm = 0.275, cosmological constant density parameter ΩΛ = 0.725, baryon density parameter Ω b = 0.046, and Hubble parameter h = 0.702 as per WMAP7 (Komatsu et al. 2011) . Fig. 1 shows snapshots of the MBII simulation with dark matter and stellar matter distributions at redshift z = 0.06. From the top figure, we can see the formation of cosmic web with galaxies extending over the whole length of the simulation volume. The bluish-white colored region in the figure represents the density of the dark matter distribution and the red lines show the direction of the major axis of ellipse for the projected shape defined by the stellar component. The figures in the bottom panel, which are zoomed snapshots of individual halos of different masses, show the density distribution of dark matter and stellar matter. The over plotted blue and red ellipses depict the projected shapes of dark matter and stellar matter of subhalos respectively.
To generate group catalogs of particles in the simulation, we used the friends of friends (FoF) group finder algorithm (Davis et al. 1985) . This algorithm identifies groups on the fly using linking length of 0.2 times the mean interparticle separation. The mass of a halo is equal to the sum of masses of all particles in the group. Fig. 2 shows the dark matter and stellar mass functions for groups at redshifts z = 1.0 and z = 0.06. We find good agreement with the theoretical prediction given in Tinker et al. (2008) based on Spherical Overdensity (SO) approach. This gives an idea of the mass range we are exploring by the use of this simulation. To generate subgroup catalogs, the subfind code (Springel et al. 2001 ) is used on the group catalogs. The subgroups are defined as locally overdense, self-bound particle groups. Groups of particles are defined as subgroups when they have at least 20 gravitationally bound particles. A comparison between the properties of halos and subhalos recovered using different halo and subhalo finders can be found in Knebe et al. (2011) , where it is concluded that the properties of halos and subhalos, like mass, position, velocity, two-point correlation returned by different finders agree within error bars to each other. In all the discussions in this paper, halos and subhalos are interchangeable for groups and subgroups respectively.
Determination of 3D and 2D shapes
Here we describe the method adopted to determine the shapes and orientations of groups and subgroups for dark matter and stellar components. For each group and subgroup, the dark matter and stellar shapes are determined by using the positions of dark matter and star particles respectively. By using the positions of all particles of the corresponding type, the halo and subhalo shapes in 3D are modelled as ellipsoids. For projected shapes, the positions of particles of corresponding type projected onto the XY plane are used to model the shapes as ellipses. We use the unweighted inertia tensor given by 
Iij
where mn represents the mass of the n th particle and xni, xnj represent the position coordinates of the n th particle with 0 i, j 2 for 3D and 0 i, j 1 for 2D. It is to be noted that in this simulation, all particles of the given type (either dark matter or star particle) have the same mass. Hence the mass of a particle has no effect on the inertia tensor. The inertia tensor can also be defined by weighting the positions of particles by their luminosity instead of mass. Schneider et al. (2012) used the definition of reduced inertia tensor and investigated the radial dependance of halo shapes in the N -body simulation by considering only particles within a given fraction of the virial radius. In this paper, we are only concerned with the standard unweighted inertia tensor definition for determining shapes and defer investigation of other definitions for a future study.
Consider the 3D case. Let the eigenvectors of the inertia tensor beêa,ê b ,êc and the corresponding eigenvalues be λa, λ b , λc, where λa > λ b > λc. The eigenvectors represent 
. We now define the 3D axis ratios as
In 2D, the eigenvectors areê a ,ê b with the corresponding eigenvalues λ a , λ b , where λ a > λ b . The lengths of major and minor axes are a = √ λ a , b = λ b with axis ratio, q = b /a as defined before.
Our predictions from SPH simulations can be compared with those from N -body simulations using the full 3D shapes, while the projected shapes are useful for comparison with results from observational data. In all our results, we used groups and subgroups with a minimum of 1000 dark matter and star particles each. We describe the convergence tests performed to arrive at this cutoff in Section 2.3.
Convergence tests on axis ratios
The reliability of statements about the shapes of matter distributions depends on the number of particles used to trace those distributions. Thus, we made a convergence test to fix the minumum number of particles needed to measure shapes of halos and subhalos reliably. In Fig. 3 , we show the histograms of shapes measured using all the dark matter particles in a given subhalo, and compared it with the histograms obtained by using a random subsample of 50, 300, 500 and 1000 particles in the subhalo. This is done in a mass range where we have enough subhalos with > 1000 particles. The plots show that using a random subsample of 1000 particles, we have a good convergence with the shapes determined using all particles. The mean axis ratio, q is 0.83 and s is 0.70 using all particles. q varies as 0.77, 0.82, 0.82, 0.83, 0.83 using 50, 300, 500, 1000 particles respectively. The corresponding values for s are 0.60, 0.68, 0.69, 0.70, 0.70. Although the mean axis ratios show good convergence with 300 or 500 particles, from the plots we can see that the histograms have not converged. Hence, we choose a minimum of 1000 particles for our analysis. In Figure 4 , we show a contour plot of the number of dark matter particles and star particles in subgroups at z = 0.06. The two different density peaks in the contour plot are due to different dark matter to stellar mass ratios in centrals and satellite subgroups. The right density peak corresponds to central subhalos while the left one is for satellite subgroups, which exhibit stripping of the dark matter subhalo and hence fewer dark matter particles. The lines show a cutoff of 1000 particles for dark matter and star particles. By choosing this cutoff, we are excluding subhalos of low stellar to halo mass ratio in subhalos around the low mass range 10 10 − 10 11.5 h −1 M . So in this mass range, we are excluding a significant fraction of subhalos with low stellar mass from our analysis. However, in the high mass range, we are able to analyze a fair sample of subhalos.
SHAPES OF DARK MATTER AND STELLAR MATTER OF SUBGROUPS
In this section, we show the axis ratio distributions of the shapes of dark matter and stellar matter component of halos and subhalos modeled as ellipsoids as described in Section 2.2. We investigate their dependence on the mass range of subgroups and their evolution with redshift. We also compare the relative axis ratio distributions of dark matter and stellar matter in subhalos.
3D axis ratio distributuions
The distributions of axis ratios, q (b/a) and s (c/a) for dark matter and stellar matter of subgroups at redshift z = 0.06 for different mass bins are shown in Figure 5 . The plot shows that the axis ratios are larger for dark matter when compared to stellar matter, indicating that the dark matter component of a subgroup is more round than the stellar matter. Also, we observe that there is no significant evolution in the distribution of axis ratios in adjacent panels. We henceforth present our results in three mass bins : 10 10.0 −10 11.5 h −1 M , 10 11.5 −10 13.0 h −1 M , and > 10 13.0 h −1 M . For convenience, we refer to these mass bins as M 1, M 2 and M 3 respectively. In the mass bin M 3, the largest subhalo mass is 1.4 × 10 14 h −1 M at z = 1.0, with a host halo mass of 1.6 × 10 14 h −1 M ; it grows to 6.0 × 10 14 h −1 M at z = 0.06 with a host halo mass of 7.2 × 10 14 h −1 M .
Redshift evolution and mass dependence of 3D axis ratios
In Figure 6 , we compare the distribution of axis ratios for groups and subgroups at redshift z = 0.3 in different mass bins. Here, we consider the dark matter component of groups and subgroups only. From the plot, we can see that for groups, as we go to higher masses, the axis ratios decrease for both groups and subgroups. Comparing the shape distributions between groups and subgroups, we can conclude that the shapes of subgroups are more round when compared to groups in any given mass bin, in agreement with the findings of Kuhlen et al. (2007) using dark matter-only simulation. Even in hydrodynamic simulations, Kazantzidis et al. (2006) found that dark matter subhalos are more round than halos. We can also see that as we go to higher mass bins, the axis ratios of dark matter halos and subhalos decrease in agreement with the findings of Knebe et al. (2008) .
To investigate the mass dependence of axis-ratio distributions for the stellar matter component of subgroups, we plot the axis ratios (q, s) at redshifts z = 0.3 in the mass bins M 1, M 2 and M 3 in Fig. 7 . The plot shows that as we go to higher mass bins, the shapes of subhalos get more flattened. Using the distribution of satellites and Monte Carlo simulations, Wang et al. (2008) reached the same conclusion for dark matter halos. We find that the shapes of stellar matter also follow a similar trend. To understand the redshift evolution of shapes, we also show the shape distributions at z = 1.0, and 0.06 for the middle mass bin, 10 11.5 −10 13.0 h −1 M . The lines show that at lower redshifts, the shapes tend to become rounder. Hopkins et al. (2005) , Allgood et al. (2006) and Schneider et al. (2012) used Nbody simulations and considered the axis ratio distributions as a function of mass and redshift. Their results show that at a given mass, halos are more round at lower redshift, and more massive halos are more flattened which is consistent with our findings. In Fig. 8 , we show the average axis ratios, q and s as a function of mass at different redshifts z = 1.0, 0.3, and 0.06 for the dark matter and stellar component. We also provide fitting functions for the average axis ratios of the dark matter and stellar component of subhalos as a function of mass and redshift in Appendix A. The plots for average axis ratios of the dark matter component can be compared against Allgood et al. (2006) . Our results agree with theirs qualitatvely in that the average axis ratios, q and s , increase as we go to lower redshifts and lower masses for the dark matter component. Their curves show a lower average s which may be because of the different criteria used in the determination of halo shapes, changes in dark matter shapes from the effect of baryons, and different cosmological parameters. Also, they measured average axis ratios for halos, while our results are for subhalos. For the stellar matter, we can see that in general, the average axis ratios decrease with subhalo mass. However, there is an increase in the intermediate mass range around ∼ 10 11 h −1 M Figure 5 . 3d axis ratio distributions of dark matter and stellar matter in subhalos at z = 0.06, for masses of subhaloes in the range 10 10.0 − 10 14.0 h −1 M .
followed by a decreasing trend once again. We will investigate the dependence of this trend on the type and color of galaxies in a future study to understand the significance of this mass scale.
To compare the axis ratio distributions of projected shapes defined by stellar matter of subhalos with results from observational measurements, we use the statistic, rms ellipticity. The rms ellipticity per single component, erms, is given by
where
for the i th subgroup and N is the total number of subgroups considered. In Fig 9, we show the projected rms ellipticity erms as a function of cumulative mass of subhalos (by considering all subhalos of mass greater a given mass) for redshifts z = 1.0, 0.3, and 0.06. Our results can be compared against those from observations in the Sloan Digital Sky Survey (SDSS) given in Reyes et al. (2012) . For stellar matter, we obtained erms = 0.28 at z = 0.3 for M subhalo > 10 12 h −1 M , which is smaller than the observed value of 0.36, but reasonably close (and larger than that expected for dark matter component). The catalogue used by Reyes et al. (2012) has been corrected for measurement noise, but it has some selection effects that bias it slightly in the direction of eliminating small round galaxies, thus boosting the RMS ellipticity in the sample of galaxies selected in the data compared to a fair sample. In addition to SDSS, we also made a comparison with observational results obtained using data from COSMOS survey. An erms = 0.4 is obtained using shapes from a galaxy sample in Mandelbaum et al. (2013) with a median redshift of ∼ 0.67. These galaxies correspond to a mass of ∼ 10 12 h −1 M at the median redshift. We made further comparison with measurements on rms ellipticity presented in . For a close comparison, we used the results presented for late-type disk dominated galaxies at z = 1 with the assumption that the sample of galaxies in the simulation is dominated by disks at this redshift. The observational measurements give an rms ellipticity per component of ∼ 0.39 at z = 1 which is higher than our values which are in the range of 0.3 − 0.35. The lower rms ellipticity may be due to a lower fraction of diskdominated galaxies in the simulations, or due to the disks not being perfectly realistic. Another comparison is made with a sample of elliptical red galaxies (S10LRG) given in where the rms ellipticity per single component is measured to be ∼ 0.31 at z = 1.0, in agreement with our result, but no significant redshift evolution of erms is detected for this sample. However, the fraction of galaxies in our simulated sample that are red is likely to be a function of redshift. Also, in some of the observations (Reyes et al. 2012; , the shape estimator is weighted towards the inner part of the luminosity distribution in a galaxy, while our shape measurements are obtained by considering all the particles of a given type in the subhalo, emphasizing the shape of stellar matter at large radii (similar to the shape estimates in Mandelbaum et al. 2013 from fitting light profiles to galaxy models). Given the known differences between how the measurements in data and simulations were carried out, it is difficult to make a quantitative comparison, however, there are no red flags for a major discrepancy.
MISALIGNMENTS BETWEEN STELLAR MATTER AND DARK MATTER SHAPES OF SUBHALOS
In this section, we compare the major axis orientations of the stellar components and dark matter components of subhalos, in 3D and 2D, in order to quantify the degree of misalignment between them. We investigate the dependence of the probability distribution of the misalignments on the mass range of subhalos and redshift. We also discuss the change in misalignments in going from 3D, as defined by the physics, to 2D, which is what we observe for real galaxies. Finally, the misalignments are compared for centrals and satellite subgroups.
Definition of misalignment angle
For each subgroup, we determined the relative orientation of the major axis of its dark matter subhalo with its stellar component. Ifêga andê da are the major axes of the stellar and dark matter components, respectively, then the 
The same definition can be used to determine the misalignment angle in 2D. It is to be noted here that the major axis is not well defined for ellipsoids which are nearly spherical. However, we verified that our results for misalignment angles do not change significantly when we exclude subhalos with q and s > 0.95 for shapes defined by the dark matter or stellar matter.
Mass and redshift dependence of misalignments
In Fig. 10 , we show the misalignment probability distributions for subgroups at redshifts z = 1.0, 0.3, and 0.06 in mass bins M 1, M 2 and M 3. From the plots, we see that in the massive bins, the stellar component is more strongly aligned with its dark matter subhalos. The mean 3D misalignments for each mass bin are listed in Table 1 . As we go from lower to higher mass bins, the mean misalignments decrease from 34.10 • to 13.87
• . For a given mass bin, the misalignment strength increases towards lower redshifts, as shown in the plot and table; however, the trend with mass is far stronger than the trend with redshift. When comparing 3D and 2D misalignments, we find that the misalignments are more prominent in the 3D situation. This is mainly due to a decrease in misalignment angle by projecting along a particular direction. Also, if we consider random distribution of misalignment angles, it can be inferred geometrically that the probability increases with angle of misalignment in 3D, while the distribution is uniform in 2D. In Appendix B, we give fitting functions for the probability distributions of 3D and 2D misalignment angles in different mass bins at redshifts z = 1.0, 0.3, 0.06. These probability distributions of misalignment angles are useful in predicting intrinsic alignment signals and estimating the C1 parameter (overall alignment strength) in the linear alignment model (Blazek et al. 2011) . Table 2 shows the mean misalignments in 2D. The fitting functions for mean misalignment angles as a function of mass are given in Appendix C. The misalignment distribution for masses M subhalo > 10
13 h −1 M shows that the stellar shapes are well aligned with their host dark matter subhalos with a mean misalignment angle of 10.00
• at z = 1 and 13.87
• at z = 0.06. In a similar mass range, using Nbody simulations, Okumura et al. (2009) assumed a gaussian distribution of misalignment angle with zero mean and constrained the width, σ θ , to be around 35
• so as to match the observed ellipticity correlation functions for central LRGs. This corresponds to an absolute mean misalignment angle of ∼ 28
• . The galaxies used by Okumura et al. (2009) have masses corresponding to our highest mass bin, for which we predict a stronger alignment between dark matter halo and galaxy; however, because of the different methodology used to indirectly derive their misalignment angle compared to our direct prediction from simulations, a detailed comparison is difficult.
SHAPE DISTRIBUTIONS AND MISALIGNMENTS FOR CENTRAL VS. SATELLITE GALAXIES
Here we consider the axis ratio distributions and misalignment probability distributions for central and satellite subgroups in different mass bins, divided in two ways: based on the parent halo mass and based on the individual subhalo mass.
In the top panel of Fig. 11 , we show normalized histograms of q and s for centrals and satellites binned according to their parent halo mass, for the bins, M 1, M 2 and M 3. In the bottom panel, we show the same thing, but dividing based on the subgroup masses. The plots show that satellite subgroups are more round than central subgroups. For satellites, we see that the axis ratio distributions show a strong dependence on the subhalo mass and, for s, the parent halo mass. These trends go in the opposite direction: satellites tend to have a lower value of s when their parent halo mass is low, or when their subhalo mass is high. If we compare the top and bottom right figures, the minor-to-major axis ratio distributions for centrals exhibit little mass dependence when binning by subhalo mass, but more mass dependence when binning by parent halo mass, suggesting an interesting environment dependence.
In Fig. 12 , we show the distributions of the misalignment angles for central and satellite subgroups in different mass bins at redshifts z = 1.0, 0.3, and 0.06. In the right panel, the binning is based on halo mass, while in the left panel, the binning is according to subhalo mass. We can see that both centrals and satellites exhibit the same qualitative features in the distributions of misalignment angles as the whole sample of subgoups in Fig. 10 . Tables 3 and 4 show the mean misalignment angles of centrals and satellites binned binned according to their subhalo and parent halo masses, respectively. Considering mass bins based on individual masses of subhalos, we see that in general, the degree of alignment is larger for satellites than for centrals for all mass bins. However, if we bin based on the mass of the parent halo, then at higher halo masses, central subgroups tend to have larger alignments than the satellite subgroups. This effect may be due to the centrals having higher masses than the satellites, which tends to correlate with having a higher degree of alignment. 
CONCLUSIONS
In this study, we used the MBII cosmological hydrodynamic simulation to study halo and galaxy shapes and alignments, which are relevant for determining the intrinsic alignments of galaxies, an important contaminant for weak lensing measurements with upcoming large sky surveys. While N -body simulations have been used in the past to study intrinsic alignments, it is also important to study the effects due to inclusion of the physics of galaxy formation; this includes effects both on the overall shapes (ellipticities) of the galaxies and halos, but also on any misalignment between them. In order to study this particular issue, we measured the shapes of dark matter and stellar component of groups and subgroups.
Previous studies have used N -body simulations to study the mass dependence and redshift evolution of the shapes of dark matter halos and subhalos (Lee et al. 2005; Allgood et al. 2006; Kuhlen et al. 2007; Wang et al. 2008; Knebe et al. 2008; Schneider et al. 2012) . Our results are qualitatively consistent with several trends identified in previous work. The first such trend that we confirm using SPH simulations is that subhalos are more round than halos (Kazantzidis et al. 2006; Kuhlen et al. 2007) . The second trend that we confirm is that the shapes of less massive subhalos are more round than more massive subhalos (Knebe et al. 2008; Wang et al. 2008 ) and as we go to lower redshifts, the subhalos also tend to become rounder (Hopkins et al. 2005; Allgood et al. 2006; Schneider et al. 2012) .
The effect of including baryonic physics on the shapes of dark matter halos was studied previously using hydrodynamic simulations in a box of smaller size and resolution compared to ours (Kazantzidis et al. 2006; Knebe et al. 2010; Bryan et al. 2013) . Kazantzidis et al. (2006) found that the axis ratios of dark matter halos increase due to the inclusion of gas cooling, star formation, metal enrichment, thermal supernovae feedback and UV heating. Bryan et al. (2013) found that there is no major effect on shapes under strong feedback, but they observed a significant change in the inner halo shape distributions. Knebe et al. (2010) found that there is no effect on the shapes of dark matter subhaloes, where they included gas dynamics, cooling, star formation and supernovae feedback. Here, we took advantage of the extremely high resolution of MBII to directly study the mass dependence and redshift evolution of the shapes of the stellar component of subhalos in addition to dark matter. However, we did not study the effect of baryonic physics on dark matter shapes by comparison with a reference dark matter only simulation in this work.
We found that the shapes of the dark matter component of subhalos are more round than the stellar component. Similar to dark matter subhalo shapes, the shapes of the stel- lar component also become more round as we go to lower masses of subhalos and lower redshifts. We are also able to calculate the projected rms ellipticity per single component for stellar matter of subhalos, which can be directly compared with observational results in Reyes et al. (2012) . While the observed result is 0.36 at the given mass range, from our simulation, we measured a value of 0.28 at z = 0.3 for M > 10 12 h −1 M , which is close, particularly given the uncertainties that result from observational selection effects that are not present in the simulations and that drive the RMS ellipticity to larger values, and given the different radial weighting in the two measurements.
By modelling subhalos as ellipsoids in 3D, we are able to calculate the misalignment angle between the orientation of dark matter and stellar component. Previous studies of misalignments in simulations used either low-resolution hydrodynamic simulations, or N -body simulations with a scheme to populate halos with galaxies and assign a stochastic misalignment angle and other assumptions (Sharma & Steinmetz 2005; Heymans et al. 2006; Faltenbacher et al. 2009; Okumura et al. 2009; Hahn et al. 2010; Deason et al. 2011) . By direct calculation from our high-resolution simulation data, we found that in massive subhalos, the stellar component is more aligned with that of dark matter, qualitatively similar to results that have been inferred previously through other means. For instance, at z = 0.06, the mean misalignment angles in mass bins from 10 10.0 −10 11.5 h −1 M , 10 11.5 − 10 13.0 h −1 M , and 10 13.0 − 10 15.0 h −1 M are 34.10 • , 27.73
• , 13.87
• , respectively. The amplitude of misalignment increases as we go to lower redshifts. The total mean misalignment angle of 30.05
• , 30.86
• , 32.71
• at z = 1.0, 0.3, 0.06 respectively shows an increasing trend, though the trend is far weaker than trends with mass at fixed redshift. We also found that the misalignments are larger for 3D shapes when compared to projected shapes. It is to be noted here that we have not split our sample of subhalos according to the type of galaxy. The dependence of our results on galaxy type or color will be investigated in a future study. It is fairly well established that the alignment mechanism for discs and elliptical galaxies is different, so this is a necessary next step to obtain measurements which can be directly compared against observations and used as input for modeling.
Finally, we considered the axis ratios and misalignments in central and satellite subgroups according to their parent halo mass and individual mass of subgroups. We concluded that the shape of stellar component of satellites is more round than that of centrals. We also conclude that the satellite subgroups are more aligned when compared to centrals in similar mass range. Observationally, it is not possible to directly measure the misalignments in centrals and satellites. Misalignment studies for central galaxies were done earlier by Wang et al. (2008) ; Okumura et al. (2009) . Using data and Monte Carlo simulations, Wang et al. (2008) predict a Gaussian distribution of misalignment angle with zero mean and a standard deviation of 23
• for their sample of red and blue centrals. Okumura et al. (2009) used N -body simulations and an HOD model for assigning galaxies to halos. The alignment of central LRG's with host halos is assumed to follow a Gaussian distribution with zero mean. Okumura et al. arrived at a standard deviation of 35
• to match the observed ellipticity correlation. Our predictions of misalignments for central and satellite subgroups are direct measurements that could be done through hydrodynamic simulations which include the physics of star formation.
In conclusion, we found that the axis ratios of the shapes of stellar component of subhalos are smaller when compared to that of dark matter. The shapes of both dark matter and stellar component tend to become more round at low masses and low redshifts. We measured the misalignment between the shapes of dark matter and stellar component and found that the misalignment angles are larger at lower masses and increase slightly towards lower redshifts. We found that the dependence is more on the mass of subhalo than redshift. Finally, we split our subhalos sample into centrals and satellites and found that in similar mass range, the satellites have smaller misalignment angles.
We initiated this study with the goal of predicting intrinsic alignments and constraining their impact on weak gravitational lensing measurements. In this paper, we presented our results on the axis ratios and orientations of both the dark matter and stellar matter of subhalos. Future work will include the dependence of these results on the radial weighting function used to measure the inertia tensor (as in Schneider et al. 2012) , galaxy type and the difference between the shape of the stellar mass versus of the luminosity distribution. We will also present our results on the intrinsic alignment two-point correlation functions in a future paper. Finally, future work should include investigation of the impact of changes in the prescription for including baryonic physics in the simulations. Figure A1 . Fits for the axis ratios of shape defined by dark matter in subhalos as a function of mass and redshift Figure A2 . Fits for the axis ratios of shape defined by stellar matter in subhalos as a function of mass and redshift Table A1 . Parameters, γ and a i for mean axis ratios, q and s in mass range, Figure B2 . Fits for probability distributions of 2D misalignment angles at z = 0.3 Table C2 . Parameters for mean misalignment angles in 2D at redshifts z = 1.0, 0.3 and 0.06 for subhalos in the mass range, 10 10.0 − 10 14.0 h −1 M . Figure C1 . Fits for mean misalignment angles in 3D as a function of mass Figure C2 . Fits for mean misalignment angles in 2D as a function of mass
